The carbon-13 NMR longitudinal relaxation times (T 1 ) studies on the 1,3-alternate-shaped calix[4]arene possessing two ester groups 1 in the absence and the presence of Na were carried out for the first time. The T 1 values were measured under proton-noisedecoupling conditions by the inversion-recovery technique. The T 1 -value of 1 is primarily governed by dipole-dipole relaxation. When calixarene 1 forms an ensemble with Na , the T 1 -values for all carbons are decreased. This suggests that the molecular motion of species 1 is efficiently frozen through complexation with Na . Eventually, Na ion plays an important role as a template ion specifically to freeze the fluctuational motion of two ethoxycarbonylmethoxybenzene units of 1.
Introduction
Construction of artificial supramolecuar structures via self-organization needs suitably programmed (1-3) molecular components and full control of all the weak intermolecular forces involved in the thermodynamically driven formation of the desired system (4) (5) (6) (7) (8) . This difficult task can be successfully fulfilled by careful chemical design of the molecular components. Calixarene derivatives have been receiving increasing attention in the field of supramolecular chemistry (9) . It has been shown that the 1,3-alternate-shaped calix [4] arene possessing two ester groups 1 exhibits moderate selectivity towards Na (10) . This is attributable to the internal size of the ionophoric cavity made up by the two OCH 2 C=O groups, which is comparable with the ion size of Na (11) . In order to understand the selectivity for the metals, it is of great significance to access the conformational properties as for the controlled molecular motions characteristic of 1,3-alternate-shaped calix [4] arene. Among NMR spectroscopic methods, it is known that NMR relaxation-time studies could provide further insights into the conformational properties and binding dynamics (11) (12) (13) . Herein, we describe the 13 C NMR longitudinal relaxation times (T 1 ) studies on an ionophoric 1,3-alternate-shaped calix [4] arene ester 1, 1-Na ensemble and an acyclic analog 2 for the first time. The main purpose of this work is to clarify how the molecular segments composing the calixarene cavity change upon inclusion of Na .
Experimental 1 Materials
The synthesis of 1,3-alternate-shaped 25,27-dipropoxy-26,28-bis(ethoxycarbonylmethoxy)-calix [4] arene 1 was described previously (14) . 2-(Ethoxycarbonylmethoxy)xylene 2 was used as a reference compound.
T 1 Measurements
NMR samples consisted of 0.5 ml of solution in 5-mm o.d. tubes which were sealed under vacuum after degassing by 5 freeze-pump-thaw cycles. All glassware was washed with 0.01 M ethylenediaminetetraacetic acid (EDTA) solution to remove paramagnetic impurities. 1 H NMR spectra were recorded on a Varian Gemini-300 spectrometer operated at 300 MHz at room temperature (25 ) in the Fourier transform mode. Perdeuteriotetrahydrofuran (THF-d 8 ) was used as a solvent and tetramethylsilane (TMS) was used as an internal reference. Longitudinal relaxation times (T 1 ) values were measured under proton-noise-decoupling conditions by the inversion-recovery technique (15) . A waiting time (T w ) of at least five times the longest relaxation time was used in each case. Three kinds of pulse sequence were used to determine T 1 for different carbon atoms.
All spectra were recorded at 25 , and each run took 8-14 h. T 1 values were determined by a linear leastsquares, two-parameter fit of the experimental data directly performed by the spectrometer computer. At least ten points were included for each T 1 calculation (correlation coefficient g > 0.98).
Results and Discussion
As for 1 H NMR of 1, the calixarene derivative 1 shows a doublet (3.80, 3.90 ppm) for the ArCH 2 Ar protons and this split pattern was not affected by the measurement temperature. This means that 1 adopts a 1,3-alternate conformation (9) and the oxygen-through-the annulus rotation is inhibited by the CH 2 CO 2 Et groups (16) .
It is reported that 1 can bind Na through interactions with two oxygens in the OCH 2 CO moiety and the associoation constant (K a ) in THF is logK a = 3.5 (10) . Hence, we consider that 1 exists totally as a Na ensemble under the measurement conditions. The large association constant observed for 1 is rationalized as for the fitness between the ionophoric cavity formed by two ester groups and the ionic size of Na .
The chemical shifts (d) of 13 C NMR spectra are summarized in Table 1 Fig. 2 . Thus, carbons C-1 -C-6 possessing hydrogen(s) can be readily assigned. Among the remaining carbons C-7 -C-9, C-7 can be easily distinguished from other carbons because it appears at the lowest magnetic field as assigned to carbonyl carbon. Now, two carbons, C-8 and C-9, remain. Among them, carbon C-8, linked to an ethereal oxygen, should appear at lower magnetic field (d 155). The T 1 -values for carbon nuclei are summarized in Table 2 . It can be seen from Table 2 that the T 1 -values for hydrogen-bonded carbons C-1 -C-6 are much smaller than those for non-hydrogen-bonded carbons C-7 -C-9. This indicates that the T 1 -value is primarily controlled by dipole-dipole relaxation. Also important is the molecular weight: T 1 -values decrease in the order of 2 1 1-Na ensemble. The most distinct T 1 difference between species 1 and 1-Na ensemble is seen. When calixarene 1 forms an ensemble with Na , the T 1 -values for all carbons are decreased. This suggests that the molecular motion of species 1 is efficiently frozen through complexation with Na . A T 1 decrease of greater than 3 s is observed for carbons C-7, C-8 and C-9. These are all non-hydrogen-bonded carbons which are not subject to dipole-dipole relaxation with hydrogen atom(s). This indicates that the T 1 -values for this class of carbons are mainly governed by spin-rotation relaxation. The benzene moiety in 1 consists of carbons C-5, C-6, C-8 and C-9. Except for hydrogen-bonded carbons C-5 and C-6, the T 1 -values are greatly decreased. This means that the "seesaw motion" postulated on the basis of the T 1 -measurements of 1 H relaxation really exists and that the motion is considerably suppressed by complexation with Na (Fig. 3) . A similar situation can be seen for the -OCH 2 CO 2 Et moiety: carbons C-1 -C-3 have hydrogens on them, so that the T 1 -values change to a smaller extent. On the other hand, the T 1 -value for carbon C-7 which has no hydrogen on it undergoes the template effect of Na : the T 1 -value is decreased by 7.10 s. This means that the molecular motion of the -OCH 2 CO 2 Et moiety is also suppressed through interaction with Na (Fig. 3) . The foregoing results demonstrate that, in 1,3-alternate-shaped calix [4] a Measurement conditions are shown in footnote a in Table 1 . b 2,6-Dimethyl groups of a reference compound 2. 
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these terminal groups. Eventually, the ethoxycarbonylmethoxybenzene unit features a 'seesaw motion' around the ArCH 2 Ar moiety as central support.
In conclusion, the present paper shows the systematic study on 13 C NMR relaxation times of a 1,3-alternateshaped calix [4] arene. It is clear that the molecular motion of the calixarene skeleton is efficiently frozen through complexation with Na .
